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(54) OSCILLATORY TYPE INFRARED SENSOR, OSCILLATORY TYPE INFRARED IMAGER. AND INFRARED-RAY 
DETECTING METHOD 

(57) Abstract; 

PURPOSE: To measure room temperatures with high sensitivity 
in a quick response with infrared rays by using a 
mechanical vibrator as a detecting element. 
CONSTITUTION: Both ends of a thin plate constituting the 
infrared-ray receiving section 1 of an oscillatory type 
infrared sensor are fixed to a fixing frame 11 through heat 
insulating sections 2 and 2' having small heat conductivity 
sc that the whole body (vibrator 15) of the receiving 
section 1 and insulating sections 2 and 2' can vibrate. 
When the receiving section 1 is irradiated with infrared 
rays, the section 1 thermally expands and a compressive 
stress is generated in the section 1, resulting in a 
reduction in its oscillation frequency. When the then 
change of the resonance frequency of the section 1 is 
represented by Af, the resonance frequency of the section 1 
when the section 1 is irradiated with the infrared rays 
becomes fO-Af. When such variation of the vibration 
characteristics is detected, infrared measurement can be 
performed. When the thickness and width of the section 1 

are reduced, the heat capacity of the section 1 can be reduced and, when the thicknesses and 
widths of the sections 2 are reduced, the neat resistances of the sections 2 and 2' can be 
increased. Therefore, infrared rays can be measured with high sensitivity in a quick 
response. 
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(54) (Title of Invention) Oscillating infrared sensor, 
oscillating infrared imager, and method of infrared 
detection . 

(57) (Abstract) 

(Purpose) To provide an oscillating infrared sensor, 
imager, and method of infrared detection with high 
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sensitivity and rapid response to infrared light and 
able to measure at room temperature. 

(Structure) An oscillating infrared sensor which uses a 
mechanical oscillator comprised of a minute infrared 
receptor 1, thermal insulation 2,2' , and fixings 3,3', 
an infrared imager comprising a number these arrayed on 
a substrate, and a method of infrared detection, 
characterized in being compact and capable of carrying 
out high-precision measurement of infrared light at 
room temperature with high sensitivity and a rapid 
response . 

(Claims) 

(Claim 1) An oscillating infrared sensor characterized 
in having a mechanical oscillator as a detection 
element . 

(Claim 2) An oscillating infrared imager characterized 
in having a plurality of oscillating infrared sensors 
which use a mechanical oscillator as a detection 
element . 

(Claim 3) A method of infrared detection characterized 
in that variations in the mechanical resonance 
frequency or Q value that accompany rises in 
temperature due to the absorption of infrared on a 
thermally insulated- oscillator are detected using an 
oscillating infrared sensor. 

(Detailed Description) 

(0001) 

(Field of Industrial Use) The invention relates to a 
hitherto nonexistent and novel oscillating infrared 
sensor and a method of infrared detection which employs 
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an oscillating infrared imager and this novel 
oscillating infrared sensor of high sensitivity and 
rapid response to measure infrared rays as changes in 
the oscillation characteristics of a mechanical 
oscillator, and moreover which operates at room 
temperature. This oscillating infrared sensor and 
method of infrared detection can be utilized in a form 
such that it can replace the conventional detectors 
currently widely employed in such devices as the 
detection units of infrared signal 

transmitter /receivers or infrared analysis equipment 
used in chemistry and medicine. 

(0002) 

(Prior Art) There are two types of infrared sensor 
currently in practical use, quantum sensors which use 
optical conduction, opto-electromotive force or the 
like, and thermal sensors which use thermistors, 
borometers, pyroelectrics , thermopiles or the like. 

(0003) Quantum sensors are devices which employ 
variations in the conductance or the generation of opto- 
electromotive force in electrons or holes stimulated by 
infrared energy. The sensitivity of this type of 
sensor is generally high, but as the excitation of 
electrons or holes is easily affected by temperature, 
they must be cooled to very low temperatures of -100 *C 
or below to obtain high sensitivity. This in" turn 
requires a dedicated cooling unit, with the result that 
such systems inevitably have a complex and large 
structure, and are expensive. For this reason it is 
impossible to have a compact sensor of this type. 

(0004) Thermal infrared sensors are devices which 
employ variations in internal stress with rises in 
temperature of the material which accompany the 
absorption of infrared rays. Thermal infrared sensors 
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operate at room temperature, but despite having the 
advantage of being simple and cheap, suffer from low 
sensitivity and slow response times, meaning that it is 
impossible to realize the desired performance from the 
sensor . 

(0005) There have been recent reports of the 
application of precision processing technology in 
semiconductor integrated circuits to produce compact 
thermal infrared sensors comprising thermistors, and 
borometers, pyroelectrics, thermopiles or the like 
which show improvement in sensitivity and response. 
However these devices have proved unstable in operation 
and have not yet reached the stage of practical 
application . 

(0006) Both quantum sensors and thermal sensors 
conventionally have analog outputs, and thus require an 
interface circuit with an A/D converter where using a 
control system involving a computer, another factor 
adversely affecting the size of the detector unit. 

(0007) 

(Problems to Be Resolved by the Invention) As described 
above, it has not been possible to realize an infrared 
sensor having both the high sensitivity and rapid 
response characteristics of the quantum infrared sensor 
and the thermal sensor's ability to operate at room 
temperatures. Furthermore, a practical infrared 

imager, a type of infrared sensor with a number of 
sensors laid out in a one- or two-dimensional array, 
has proved difficult to realize due to problems with 
thermal insulation between the sensors. 

(0008) The invention overcomes the difficulties in 
prior art described above, and provides an oscillating 
infrared sensor in which precision semiconductor 
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processing technology has been applied to deliver high 
sensitivity and a rapid response to infrared light and 
the capability of taking measurements at room 
temperature, and a method of infrared detection which 
employs oscillating sensors which makes use of the 
thermal infrared sensor's characteristic of measurement 
at room temperature and delivers high sensitivity and a 
rapid response. 

(0009) 

(Means of Resolving the Difficulties) The invention 
employs a mechanical oscillator manufactured using 
precision processing technology as the detection 
element, and is characterized in providing a practical 
oscillating infrared sensor which makes use of 
variations in the mechanical oscillation due to the 
absorption of infrared light as the method of 
detection, and a method of infrared detection which 
employs this oscillating infrared sensor. 

(0010) The invention will now be described in detail 
with reference to the figures. Figs. 1 (a) and (b) are 
schematic drawings illustrating the principle of the 
invention. The oscillator in these schematic figures 
is shown as a simple beam, being fixed at both ends. 
The beam in Fig. ' 1 (a), which is infrared receptor 1, 
tries to expand thermally due to the absorption of the 
light, • but is unable to extend being retained by 
fixings 3,3* via thermal insulation 2,2', generating 
stress within the beam. As this stress causes 
variations in axial forces 4,4' of this beam which is 
receptor 1, changes occur in the oscillation 
characteristics of the oscillator such as the resonance 
frequency f 0 and the Q value (acutance) . For example, 
when receptor 1 expands thermally due to infrared light 
5 incident upon it, compression stress occurs in 
receptor 1 and the frequency of oscillation will drop. 
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At this time if the variation in the resonance 
frequency is Af, the resonance frequency when infrared 
rays 5 are incident will be f 0 - Af. The characteristic 
of the method of detection according to the invention 
is that infrared measurement can be achieved by 
detecting variations in the oscillation characteristics 
in this way. The beam has a structure such that it 
absorbs infrared light 5, receptor 1 of the beam being 
externally insulated against heat. In the embodiment, 
an example of the oscillator is shown where the beam is 
fixed at both ends, but the structure may be of any 
type providing that the oscillator is such that the 
mechanical oscillation characteristics vary with 
absorption of the infrared light. 

(0011) 

(Operation) The sensitivity of the infrared sensor 
shown in Fig. 1 (a) , (b) is proportional to the thermal 
resistance of the insulation, the speed of response 
being proportional to the heat capacity of the 
oscillator of the infrared receptor and the thermal 
resistance of the insulation. Micromachining is 
employed to ensure that the structure of the oscillator 
is thin and small and has minimal thermal capacity, and 
if the thermal insulation is also good a high 
sensitivity can be obtained, and it is possible to 
ensure an infrared sensor with a rapid response. 
Moreover, since mechanical oscillation characteristics 
are employed the operation is stable. Moreover, as the 
output is a frequency, no A/D converter or the like is 
required and the interface with a computer is simple. 

(0012) 

(Embodiment) A more detailed description will now be 
made with reference to an embodiment of the invention. 
Fig. 2 is an oblique view showing an example of an 
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oscillating infrared sensor. The oscillating infrared 
sensor in this embodiment has a structure comprising 
infrared receptor 1, thermal insulation 2, 2' , fixed 
frame 11, drive electrode 12, detection electrode 13, 
and substrate 14. The thin plate that is infrared 
receptor 1 is fixed to fixed frame 11 by thermal 
insulation 2, 2' having a low thermal conductance at 
both ends, and both infrared receptor 1 and thermal 
insulation 2,2' oscillate as a whole. In the following 
description infrared receptor 1 and thermal insulation 
2,2" will be abbreviated and referred to as oscillator 
15. By means of this configuration, infrared light is 
detected by detecting variations in the axial force as 
explained in Fig. 1. 

(0013) Thermal capacity is kept small by ensuring that 
the thickness of infrared receptor 1 which absorbs 
infrared light 5 is thin and its width is narrow, and 
thermal resistance is kept high by ensuring that the 
thickness of thermal insulation 2,2' is thick and its 
width is narrow. By this means it is possible to 
realize an infrared sensor of high sensitivity and a 
rapid response. 

(0014) In the embodiment of Fig. 2, a thin plate of 
silicon is used in infrared receptor 1 with boron being 
densely dispersed in this portion, ensuring a 
significant absorption of infrared light 5. 
Furthermore, a silicon oxide film is used on thermal 
insulation 2,2' with silicon and glass used 
respectively on fixed frame 11 and the substrate. The 
stress can be set by adjusting the combination of the 
p+ silicon which has a residual tensile stress and the 
silicon oxide film which has a residual compression 
stress, it being arranged that a light tensile stress 
is applied to the oscillator which comprises receptor 1 
and insulation 2,2'. The materials and configurations 
referred to in the above embodiment are mere 
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illustrations, these factors being simply computational 
items, as the structure and material may be freely 
chosen so long as the oscillator absorbs infrared light 
and the mechanical oscillation characteristics vary. 

(0015) In order to detect variations in the mechanical 
oscillation characteristics, it is necessary to measure 
the oscillation characteristics when the oscillator is 
oscillating. In the embodiment of Fig. 2 an 
electrostatic method is used to oscillate the 
oscillator and a capacitance detection method to detect 
the oscillation characteristics, but with the invention 
providing chat the oscillator is oscillated using a 
method such as the piezoelectric drive method or the 
thermal drive method, and moreover providing that the 
oscillation can be detected using a method such as the 
piezo-resistance detection method or the optical 
detection method, a conventional method may be 
employed. 

(0016) On one surface of substrate 14 in Fig. 2 is 
provided drive electrode 12 and detection electrode 13, 
the structure being such that the thin silicon plate of 
infrared receptor 1 itself is the opposite electrode. 
In the embodiment, the oscillator is made to oscillate 
using electrostatic attraction generated by an 
alternating voltage applied across drive electrode 12 
and receptor 1, the oscillation characteristics being 
detected using the variation in the electrostatic 
capacitance between receptor 1 and detection electrode 
13. 

(0017) By having a structure such that the oscillator 
is formed on fixed framework 11 which has one end only 
fixed to substrate 14, it is arranged that the thermal 
stress arising from differences in coefficients of 
thermal expansion between substrate 14 and fixed frame 
11 are not transmitted to the oscillator. 
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(0018) An oscillating infrared sensor of the invention 
is thus able to operate and run at room temperatures, 
the advantage of a thermal type infrared sensor, and is 
further characterized in having a sensitivity 
corresponding to that of a quantum type infrared sensor 
though its low thermal capacity as a sensor and greatly 
improved thermal/oscillation conversion rate. 

(0019) Fig. 3 shows an example of an infrared imager in 
which a number of infrared sensors 16 of the type shown 
in Fig. 2 are arrayed on substrate 14. With an 
arrangement of this type a two-dimensional infrared 
imager with individual oscillating infrared sensors 16 
as pixels is created, which can thus be employed as the 
light-receiving element in an infrared camera or the 
like. By using this device it is possible to create an 
infrared camera of high sensitivity that is cheap to 
produce. 

(002 0) Fig. 4 shows an embodiment of a device provided 
with the oscillating infrared sensor of the invention 
described in Fig. 2. The device of this example has a 
three-layer structure comprising upper glass substrate 
17, silicon substrate 18 and lower glass substrate 19. 
Upper glass substrate 17 and lower glass substrate 19 
are laid against silicon substrate 18 with oscillator 
15 provided on silicon substrate 18 being hermetically 
sealed. Upper ■ glass substrate 17 is provided with 
infrared incidence window 20 to allow the necessary 
amount of infrared light to be incident on oscillator 
15 provided on silicon substrate 18. In the central 
part of the second layer, silicon substrate 18, is 
formed the oscillator 15 shown in the embodiment of 
Fig. 2 and upper electrode 21 for the parasitic 
capacitance compensating capacitance. Furthermore, 
current amplification circuit 22, temperature 
measurement diode 2 5 which compensates for temperature 
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drift in the sensor, MOS transistor gate terminal 26 of 
the current amplification circuit, MOS transistor drain 
terminal 27, MOS transistor substrate terminal 28, MOS 
transistor source terminal 29, oscillator drive 
electrode input terminal 30, and drive electrode input 
terminal 31 for the parasitic capacitance compensating 
capacitance are respectively formed as independent 
islands around the periphery of silicon substrate 18. 
Oscillator excitation electrode 12 and detection 
electrode 13, drive electrode 23 for the parasitic 
capacitance compensating capacitance and detection 
electrode 24 are formed in lower glass substrate 19 on 
the third layer, metal wiring being formed to connect 
up the elements of current amplification circuit 22 and 
MOS transistor gate terminal 26, MOS transistor drain 
terminal 27, MOS transistor substrate terminal 28, and 
MOS transistor source terminal 29. Lead wires for each 
terminal are threaded through the back side via a 
perforation formed in the glass. 

(0021) The oscillator in this example employs the 
specific example described in Fig. 2 comprising silicon 
and silicon oxide film, being manufactured using 
selective etching technology employing a high boron 
diffusion layer. The manufacture of the triple-layered 
glass-silicon structure was done using anodic bonding 
technology which enables a hermetic seal . 

(0022) Fig. 5 shows an electrical circuit diagram of an 
example of a system which integrates the infrared 
sensor shown in Fig. 4 with the current amplification 
circuit. Oscillator 15 and drive electrode 12, 
detection electrode 13 are created by integration on 
the same substrate as the current amplification circuit 
formed from diode 32 and MOS transistor 33. If a 
direct current is applied across oscillator 15 and 
detector electrode 13 when oscillator 15 is 
oscillating, a minute alternating current will be 
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generated which oscillates with the same frequency as 
that of the oscillation frequency on the detection 
electrode side due to changes in the capacitance across 
oscillator 15 and detection electrode 13. The current 
amplification circuit shown in Fig. 5 is a device for 
amplifying this minute current. By this means the 
output signal is amplified, and the influence of noise 
correspondingly reduced. A compensating capacitance 
comprising parasitic capacitance compensating 
capacitance upper electrode 21 and parasitic 
capacitance compensating capacitance detector electrode 
24 having the same structure as the oscillator is 
formed on the substrate. This parasitic capacitance 
compensating capacitance has the same parasitic 
capacitance as the parasitic capacitance of the 
oscillator. When applied to the oscillator and the 
parasitic capacitance compensating capacitance via 
drive electrode 23, with application of a reverse phase 
alternating voltage it is possible to cancel out the 
current components generated by this parasitic 
capacitance, and thus to increased the output current 
correspondingly. 26,27, 28, 29 in the figure are the 
terminals for the gate, drain, substrate and source of 
the MOS transistor, with 30 and 31 being the input 
terminals for the drive electrode for the oscillator 
and the parasitic capacitance compensating capacitance 
respectively. 

(0023) Fig. 6 shows an example of the measurement 
circuit for the oscillating infrared sensor shown in 
Fig. 4. The infrared sensor integrated into the 
current amplification circuit in Fig. 5 is shown within 
the broken lines in Fig. 6. Thanks to the circuit 
structure in Fig. 6, the detection of the oscillation 
frequency can be detected. 41 is the input terminal 
for the current signal driving the oscillator, 42 an 
inversion amplifier, and 43 a non-inversion amplifier. 
By means of this input circuit and by applying to the 
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parasitic capacitance compensating capacitance an 
alternating voltage of the reverse phase to that input 
to the oscillator, the influence of the current flowing 
in the parasitic capacitance is cancelled out and drops 
away. 44 is a current and voltage converter, and has 
the function of amplifying these signals from the 
oscillator. 45 is the output terminal. 

(0024) When detecting the infrared light 5 generated 
from the surface of a black body using the infrared 
sensor , as shown in Fig. 7 where infrared light with an 
energy of 10 uW was input to the sensor, the variation 
in resonant frequency Af was approximately 200 Hz. 
From this result a sensitivity of approximately 20 Hz 
was obtained per 1 uW of input infrared energy. When 
the analytic power of the frequency detector is taken 
into consideration, this sensitivity is .equivalent to 
that of a quantum infrared sensor, and shows the effect 
of the invention. 

(0025) 

(Effect of the Invention) As has been described in 
detail above, according to the oscillating infrared 
sensor, the oscillating infrared imager and the method 
of infrared detection of the invention, the following 
effects 

a) high sensitivity and rapid response 

b) ability to take measurements at room temperature 

c) pseudo-digital output allows simple interface with 
computer 

d) ability to create infrared imager by laying out 
multiple units in a plane 

are obtained, thus enabling high-precision infrared 
detection in an extremely compact infrared sensor which 
allows the device to be substituted for conventional 
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devices in medical measurement, industrial measurement 
and the like. 

(Detailed Description) 

(Fig. 1) Schematic diagram illustrating the principle 
of the invention. 

(Fig. 2) Oblique view of the diagram showing the basic 
structure of an embodiment of the oscillating infrared 
sensor of the invention. 

(Fig. 3) Oblique view of an embodiment of the 
oscillating infrared imager of the invention. 

(Fig 4) Diagram showing the structure of an embodiment 
of the invention. 

(Fig 5) Example of an electric circuit for a system 
which integrates the embodiment of Fig. 4 with a 
current amplifier. 

(Fig. 6) Example of the detection circuit which makes 
measurements using the embodiment in Fig. 5. 

(Fig. 7) Example of the sensitivity characteristics of 
an infrared sensor of the invention. 

(Key to Drawings) 

I infrared receptor 
2,2' thermal insulation 
3,3' fixings 

4,4 axial force 

5 infrared light 

II fixed frame 

12 drive electrode for oscillator 

13 detection electrode for oscillator 
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14 


substrate 


15 


oscillator 


16 


infrared sensor 


17 


upper glass substrate 


18 


silicon substrate 


19 


lower glass substrate 


20 


infrared incidence window 


21 


upper electrode for the parasitic capacitance 



compensating capacitance 

22 current amplification circuit 

23 drive electrode for the parasitic capacitance 
compensating capacitance 

24 detection electrode for the parasitic capacitance 
compensating capacitance 

2 5 temperature compensating diode 

26 MOS transistor gate terminal 

27 MOS transistor drain terminal 

28 MOS transistor substrate terminal 

29 MOS transistor source terminal 

30 input terminal for oscillator drive electrode 

31 input terminal for the drive electrode for 
parasitic capacitance compensating capacitance 

32 diode 

33 MOS transistor 

41 input terminal for the alternating current signal 
driving the oscillator 

42 inversion amplifier 

43 non-inversion amplifier 

44 current./voltage converter 

45 output terminal 



Fig. 7 




Drive voltage: 30V 
Applied voltage: OQdBm 
Vaccuum: 5mTcxr 
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